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METHOD AND APPARATUS FOR CONTROLLING 
HUMIDITY IN A COPYING DEVICE 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This is a divisional of U.S. Appln. No. 09/714,994 filed November 20, 2000, 
5 which is based on U.S. Provisional Appln. No. 60/200,807 filed May 1 , 2000 by the same 
inventors, and claims priority therefrom. This divisional application is being filed in 
response to a restriction requirement in that prior application and contains re-written 
and/or additional claims to the restricted subject matter. 

BACKGROUND OF THE INVENTION 
10 This invention concerns maintaining the temperature and relative humidity of the 

air within an image forming device. 

This invention is related to U.S. Patent No. 6,334,033 issued December 25, 2001, 
entitled, "Ambient Atmospheric Pressure Compensation Controller for Pressurized Copy 
Device," which is incorporated herein by reference in its entirety. 
15 Certain image forming devices, such as, for example, photocopiers, require a 

temperature controlled environment for increased operational efficiency. However, 
introducing air conditioning to such devices presents a potential problem in that water 
vapor in the conditioned air which is used to control the temperature of the device may 
condense onto component parts of the device. 
20 In U.S. Patent 4,367,036, a temperature and humidity compensating device uses a 

temperature sensor to detect the temperature of the photosensitive member. A control 
means is used to control a source of heat located inside the photosensitive member. The 
heat source is used to keep the temperature of the photosensitive member above ambient 
temperature to prevent moisture from condensing on, and absorbed by, the photosensitive 
25 member. 

In U.S. Patent 5,530,523, sensors are provided near the photosensitive member to 
measure the temperature and humidity near the outer surface of the photosensitive 



member. A means for calculating a water vapor density is associated with the measured 
temperature and humidity. A control unit compares a pre-selected water vapor density 
with the calculated water vapor density. A control unit activates a heater inside the 
photosensitive member to prevent forming of dew on the photosensitive member based 
5 on the comparison. 

In U.S. Patent 4,982,225, an image forming apparatus form an image of high 
quality even in a highly humid atmosphere. Humidity in the apparatus is detected and a 
heating means is activated by a controller connected to the humidity detecting means. The 
microcapsule paper used in the device is heated when the humidity is at or below a 
10 certain value. 

U.S. Patent 5,144,366 discloses a cooling system for an image forming machine 
that includes a single temperature sensor to detect the temperature inside of the machine 
and to control the operation of a cooling fan. The cooling fan is used to lower the 
temperature inside the machine in accordance with the detected temperature and the 
1 5 number of sheets to be copied. 

U.S. Patent 5,206,754 discloses a moisture condensation prevention structure for a 
laser scanning optical system in an electro-photographic image forming device that 
includes a device for preventing air from circulating in the laser beam optical assembly 
casing by separating the casing into different compartments. 
20 SUMMARY OF THE INVENTION 

Introducing air conditioning presents a potential problem, in that condensation can 
accumulate on critical machine parts. 

None of these devices discloses the unique methods and devices employed by this 
invention to achieve moisture condensation control. 
25 This invention provides methods and apparatus that control the properties of air 

supplied to at least a portion of an image forming device to avoid a dew point condition 
in that portion of the image forming device. 
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This invention separately provides systems and methods that control the air 
temperature and relative humidity to avoid dew point conditions in at least a portion of an 
image forming device. 

Air which circulates throughout an image forming device may contain relatively 
5 high relative humidity. The water vapor contained in such air may condense on various 
elements of the image forming device causing unwanted effects on optical elements, 
image transfer elements or materials, and on other elements in the image forming device. 

In a first exemplary embodiment of the systems and methods according to this 
invention, an environment control unit provides air to a xerographic portion of the image 
10 forming device to maintain that portion at a desired temperature, relative humidity and 
pressure. One or more of the temperature, relative humidity and pressure are selected to 
substantially reduce the likelihood that water vapor will condense on that portion of the 
image forming device. 

In various exemplary embodiments, the environment control unit operates in a 
15 semi-closed mode. In the semi-closed mode, air is cycled and recycled air through the 
portion, while additional air is added to maintain a desired pressure in that portion. 

In a second exemplary embodiment of the systems and methods according to this 
invention, ambient air temperature, and the temperature and relative humidity in a portion 
of the image forming device are determined, along with a saturation temperature and a 
20 desired set point or control reference temperature of operation. In a first mode of 
operation of the second exemplary embodiment, the system air will be conditioned using 
an air conditioner. In this first mode, the air re-circulates in a closed loop through the air 
conditioner and at least that portion of the image forming device. In a second mode of 
operation of the second exemplary embodiment, the system air will be conditioned using 
25 only the blower, and will circulate in the closed loop. 

In a third mode of operation of the second exemplary embodiment, the system air 
will be conditioned using the air conditioner. In this third mode, the air circulates 
through the air conditioner and at least that portion of the image forming device in a loop 
open to the ambient atmosphere. In a fourth mode of operation of the second exemplary 
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embodiment, the system air will be conditioned using only the blower, and will circulate 
in the open loop condition. 

These and other features of this invention are described in, or are present from, the 
following detailed description of the various exemplary embodiments of the dew point 
5 control methods and apparatus according to this invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Various exemplary embodiments of this invention will be described in detail, with 
reference to the following figures, wherein: 

Fig. 1 is a schematic drawing of a side view of a xerographic portion of an image 
10 forming device; 

Fig.2 is a schematic drawing of an end view of a the portion of the image forming 

device; 

Fig. 3 illustrates a first exemplary embodiment of an environmental control unit 
portion of an image forming device used to maintain the atmosphere within a desired 
1 5 range of pressure, temperature and humidity according to this invention; 

Fig. 4 is a control diagram outlining a first exemplary embodiment of a method 
for maintaining the atmosphere within a portion of an image forming device within a 
desired range of pressure, temperature and humidity values, according to this invention; 

Fig. 5 is a table of temperature and humidity values; 
20 Fig. 6 is a flow chart outlining a second exemplary embodiment of a method for 

maintaining the atmosphere within a xerographic portion of an image forming device 
within a desired range of temperature and humidity values according to this invention; 

Fig. 7 is a schematic view of a system operated in first and second modes of 
operation of the second exemplary embodiment; 
25 Fig. 8 is a schematic view of the system operated in third and fourth modes of 

operation of the second exemplary embodiment; 

Fig. 9 is a block diagram of a control system according to this invention; 

Fig. 10 is block diagram of elements of a controller portion of the control system 
of this invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Figure 1 is a schematic drawing of a side view of a portion 1 of an image forming 
device whose atmosphere is maintained within desired pressure, temperature and 
humidity ranges by exemplary embodiments of the systems and methods of this 
5 invention. The air pressure is maintained at a pressure that prevents undesired elements 
from intruding into the portion, such as ambient air which has undesirably high moisture 
content and temperature values, or moisture contained in paper on which an image is to 
be formed. Other undesired elements include ozone created by the imaging process and 
toner used to develop latent images. 

10 In various exemplary embodiments, the portion 1 of the image forming device is a 

xerographic module of the image forming device. A small gap 12 is formed between a 
photoreceptor element 8 of the xerographic module and a wall 3 of the xerographic 
module 1 to prevent rapid pressure loss from within the xerographic module 1 while 
maintaining the pressure in the xerographic module 1 within desirable rates of air flow 

15 provided to and from the xerographic module 1. Further details of this xerographic 
module embodiment are discussed in the incorporated 105870 application. 

Figure 2 shows an end view of the portion 1 depicted in Fig. 1, within an image 
forming device 50, including an air inlet passage 4 and an air exhaust passage 5 that 
allows air to circulate into and out of the portion 1 . A temperature sensor 21 and a relative 

20 humidity sensor 22 are located within the portion 1 of the image forming device 50. 

Figure 3 illustrates an environmental control unit which is connected to the 
portion 1 of the image forming device to maintain the atmosphere of the portion 1 within 
a desired range of pressure, temperature and humidity. The environmental control unit 10 
receives air from the portion 1 via the inlet portion 19 of the environmental control unit 

25 10. That air is drawn upward by a blower 15 through a filter 13. In various exemplary 
embodiments, the filter 13 is a high energy particulate (HEPA) filter. The air is cooled in 
an evaporator 12, and is heated to a desired temperature range using an electric heater 1 1 
and/or the heat of compression from the high-pressure side of a condenser 18. The air 
then passes through the blower 15, which exhausts the withdrawn air through an exhaust 
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opening 16 from which the air is re-circulated to the portion 1 of the image forming 
device. The environmental control unit also contains a fan 17 which draws air through 
the condenser unit 14 of the air conditioner having evaporator portion 12. The air from 
the fan 1 7 may be exhausted to ambient atmosphere. 
5 The temperature and humidity sensors 21 and 22are provided to measure those 

parameters inside the portion 1 of the image forming device 50. Similar temperature and 
humidity sensors are positioned outside of the portion 1 to measure those parameters of 
the air being directed to the portion 1. A set point or desired operating range of 
temperatures has been determined for the portion 1 . Also, a desired range of operational 
10 values of absolute humidity, expressed in terms of grains of water, has been determined 
for the portion 1 . 

Figure 4 shows one exemplary embodiment of a control diagram usable to 
maintain a desirable range of air temperatures in the portion. As shown in Figure 4, the 
heater 1 1 of the environmental control unit 10 is cycled on and off at an appropriate duty 
15 cycle to maintain the temperature in the portion 1 within a range of temperatures. In 
various exemplary embodiments, the temperature in the portion 1 is maintained within 3° 
F. of the set point temperature. This example is for purposes of illustration only, and 
other suitable ranges of temperature may be selected to reduce dew formation within the 
xerographic module. 

20 Figure 5 defines the control areas as a function of grains of water. That is, in Fig. 

5, the absolute humidity is indicated in units of grains of water with respect to the 
temperature and relative humidity of the air maintained in the portion 1 to reduce dew 
formation in that portion. In the illustrative embodiment highlighted by being outlined in 
the table, with a set point temperature of 87°, F. and a desired temperature range from 84° 

25 to 90°, F., the environmental control unit is operated to keep the relative humidity of the 
air forwarded to the portion with a relative humidity of between 10% and 22.5% to 
achieve an absolute humidity of the air in the portion 1 at or below 40 grains of water, 
which is desirable to avoid formation of dew in the xerographic module. The highlighted 
area is labeled 44 in Fig. 5. 
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The environmental control unit 10 is operated to not only keep the temperature 
and relative humidity within the suitable ranges, as indicated above, but also to maintain 
a suitable positive pressure with respect to the ambient pressure outside of the portion 1 . 
In practice, one exemplary pressure in the xerographic control module 1 which results in 
5 limiting infusion of air with undesirable temperature and humidity characteristics, and 
which helps to keep out other contaminants, is a pressure of 0.25 inch of water. This 
pressure may vary as long as it is high enough to limit infusion of contaminants, such as 
toner and water vapor, and air with undesirable characteristics, such as a high relative 
humidity, and to expel other contaminants, such as ozone, from the portion 1 . 

10 In one exemplary range of operation of an embodiment of the invention, the 

environmental control unit 1 0 moves the air returned from the environmental control unit 
to the portion 1 at 300 cubic feet per minute (CFM), plus or minus 10%, to the portion 
having an internal pressure maintained at 0.25 inch of water, plus or minus 1 5%, at a 
temperature of 78° F. to 100° F. with an absolute humidity not exceeding 60 grains of 

1 5 water. The air in the portion 1 is moved at 225 CFM, in a temperature range of 85° F. to 
105° F. with an absolute humidity of no more than 40 grains of water. To accomplish 
this, the environmental control unit draws in ambient air at 75 CFM, and conditions the 
indrawn or make-up air to be within a temperature range of 55° F. to 85° F. and having an 
absolute humidity of no more than 120 grains of water. Under these conditions, the air 

20 discharged from the environment unit 10 is filtered and discharged at 300 CFM, plus or 
minus 10%, at a pressure of 0.5 inch of water, plus of minus 15%, in a temperature range 
of 68° F. to 85° F. and with a maximum absolute humidity of 40 grains of water. Thus, 
the likelyhood a dew point condition will occur in the portion lis reduced and the air 
exhausted is filtered of contaminants, and is within a desirable range of temperature and 

25 humidity. 

The temperature and relative humidity sensors are provided to measure the 
temperature and relative humidity not only in the portion 1 , but also in the air conditioned 
by the environmental control unit 10, which may include the air drawn from the ambient 
environment, for circulation to the portion 1 . 
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The area of the small gap 12 used to prevent rapid pressure loss is chosen to 
maintain a suitable positive pressure in the portion 1 while preventing rapid loss of 
pressure from the portion 1. The area can vary within wide limits. Illustrative 
embodiments range from less than one square inch to 20 square inches, with one 
exemplary embodiment being 10 square inches. The gap 12 may vary in shape and 
location in the portion 1 . 

Figure 6 is a flow chart illustrating the operation of a second illustrative 
embodiment of the invention which operates over a relatively wide temperature and 
relative humidity range. Control starts in step S100 5 In step SI 10, temperature T A and 
the relative humidity RH of the ambient air drawn into the portion 1 is measured, and the 
internal temperature T { of the portion 1 is measured. Additionally, a reference or set point 
temperature T RC of air in the portion 1 is determined. In step 120, a saturation 
temperature T s of the air in portion 1 is determined., and the reference or set point 
temperature is determined. Then, in step SI 30, a determination is made whether the 
internal air temperature T. is above the saturation temperature T s . If so, control proceeds 
to step SI 40. Otherwise, control jumps to step SI 70. 

In step SI 70 a determination is made whether the internal temperature T f is above 
the reference temperature T RC . If so, control proceeds to step SI 50. Otherwise control 
jumps to step SI 60. 

I step SI 50 the system is operated in a first exemplary mode of operation. In the 
first mode, an air conditioner is used to cool the air which is circulated through a closed 
loop system including the portion 1 . Control then jumps to step S220. In contrast, in step 
SI 60, the system is operated in a second mode of operation. In the second mode, only the 
blower, but not the air conditioner, is run to simply re-circulate the air through the closed 
loop system, including the portion 1 . Control them jumps to step S220. 

In step SI 70, a determination is made whether the internal temperature Tj is above 
the reference temperature T RC . If so, control proceeds to step SI 80. Otherwise control 
jumps to step S220. 
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In step SI 10, the system is operated in a third mode of operation. In the third 
mode, an air conditioner is run in an open loop which includes the portion 1 . Then, in 
step SI 90, hot air is exhausted to the ambient atmosphere, to cool the air circulating 
through the image forming device including portion 1 . Controller then jumps to step 
5 S220. 

In contrast, in step S200 the system is operated in a fourth mode of operation. In 
the fourth mode, only a blower is run, but not an air conditioner, in an open loop, 
including the portion 1. Then, in step S210, hot air is exhausted to the ambient 
atmosphere. Control then proceeds to step S220. A determination is made whether the 

10 image forming device should be shut down. The criteria used to determine if it should 
shut down include situations in which the systems do not avoid a dew point condition in 
portion 1, or extremely high operating temperatures. If so, control proceeds to step S230 
and shuts down the system. Otherwise, control jumps back to step SI 1 0. 

Figure 7 illustrates a closed loop system with an image forming device portion 1, 

15 the temperature sensor 21, the relative humidity sensor 22, and an air modification 
element 23, which includes the air conditioner and the blower. The closed loop system 
shown in Fig. 7 may be used to operate the first and second modes of operation of the 
second exemplary embodiment of the invention. In figure 7, the closed loop is formed by 
closing off valve elements 31, 33 and 35, as shown. Air flow 32 represents air which is 

20 re-circulated in the system. 

Figure 8 illustrates an open loop system with the image forming device portion 1 , 
the temperature sensor 21, the relative humidity sensor 22, and the air modification 
element 23. The open loop system shown in Fig. 8 may be used to operate the second 
and third modes of operation of the second exemplary embodiment of the invention. 

25 conditioning blower motor is operated to move the air to and from the xerographic 
module/chamber. In Fig. 8, the open loop is formed by closing valves 31 and 33, as 
shown, and opening valve 35, as shown. 

Figure 9 shows one exemplary embodiment of a control system 200 usable to 
maintain the temperature and humidity characteristics of the air in portion 1 at desired 
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values to avoid condensation of water vapor in portion 1 . A shown in Fig. 9, the control 
system includes a controller 210 connected via a link 222 to a relative humidity sensor 
220, a) link 232 to a temperature sensor 230, a link 262 to intake valve motors 260, a link 
272 to exhaust valve motors 270, a link 242 to an air conditioning unit 240, and a link 
5 252 to a blower unit 250. The controller 210 receives signals from the relative humidity 
and temperature sensors and processes the signals to control the air intake motors 260 and 
exhaust valve motors 270 and the air conditioning unit 240 and the blower unit 250 to 
maintain air temperature and relative humidity in portion 1 within desired ranges to 
reduce occurrence of moisture condensation in portion 1 . 

10 Figure 10 shows in greater detail one exemplary embodiment of the controller 

210. As shown in Fig. 10, the controller 210 includes an I/O interface 211, a memory 
212, a temperature and relative humidity processing circuit 213, a circulation loop control 
circuit 214, an air conditioning and blower control circuit 215, and a temperature and 
relative humidity value comparing circuit 216, interconnected by a data control bus. The 

15 interface 211 connects to the links 222, 232, 242, 252, 262 and 272 and to the data 
control bus 219 to transmit data and control signals to and from the control units213-216 
and/or memory 212 of the controller 210. 

In operation, signals from the temperature sensor 230 and relative humidity sensor 
230 are detected by controller 210 through the interface 211. These signals are sampled 

20 by the temperature determination and processing circuit 213 to determine the temperature 
and relative humidity of the air in portion 1, and to determine saturation temperature and 
a reference temperature within portion 1, and to forward these parameters to a 
temperature and relative humidity value comparison circuit where they are compared. 
The four exemplary modes of operation of the invention, described above, are then 

25 carried out by the circulation loop control circuit 216 and the air conditioning and blower 
control circuit 215 based on the comparisons of those parameters. 

The controller 210 may be implemented on a programmed general purpose 
computer. However, the controller 210 can also be implemented on a special purpose 
computer, a programmed microprocessor or microcontroller and peripheral integrated 
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circuit elements, an ASIC or other integrated circuit, a digital signal processor, a 
hardwired electronic or logic circuit such as a discrete element circuit, a programmable 
logic device such as a PLD, PLA, FPGA or PAL, or the like. In general, any device 
capable of implementing a finite state machine that is in turn capable of implementing the 
control functions referred to above can be used to implement the invention. The links 
222-272 can be implemented by any known or later developed device or system for 
connecting the controller 210 to the components 220-270. In general, the links 222-272 
can be any known or later developer connection system or structure usable to connect the 
controller 210 to the components 220-270. 

The second illustrative embodiment may be used with a portion 1 which is either 
maintained at atmospheric pressure or above atmospheric pressure. 

While this invention has been described in conjunction with the exemplary 
embodiments set forth above, it is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the art. Accordingly, the exemplary 
embodiments of the invention, as set forth above, are intended to be illustrative, not 
limiting. Various changes may be made without departing from the spirit and scope of 
the invention. 
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